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(57) A method and apparatus are provided in which 
a control scheme is implemented to enable a PCI bus 
to operate more than two PCI slots into which PCI de- 
vices may be installed. The PCI slots are checked to 
determine if a PCI device is installed in the slots and the 
speed at which the installed PCI devices are capable ol 
running. If any of the slots has a 33 MHz device installed 
in any of the slots, the system is enabled to run more 
than two slots, and all of the PCI devices will run at 33 
MHz. When no 33 MHz cards or devices are installed in 
the PCI slots, and PCI devices are only installed in the 
first two slots, then the system is enabled to run only the 
first two slots at the speed of 66 MHz. In one alternative 
embodiment, a default configuration routine sets the 
PCI bus speed at one of the operating frequencies and 
modifies that default if it is determined during a system 
configuration cycle that another speed is more appro- 
priate. 
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Description 

[0001] The present invention relates generally to in- 
formation processing systems and more particularly to 
varying bus speeds in accordance with slot configura- 
tions for PCI systems. 

[0002] The current 66 MHz PCI (Peripheral Compo- 
nent Interconnect) architecture definition is somewhal 
limited in the amount of the "fan-out" relative to the 
number of slots for devices as well as the physical length 
of the bus. The 66 MHz PCI bus specification as pub- 
lished will allow up to 2 "slots", which is the equivalent 
of five "loads 0 counting the PCI bridge as a load. A "load" 
is a PCI device which is soldered to the bus while a "slot" 
is a mechanism by which a PCI device is selectively en- 
gaged with and connected to the bus. In accordance 
with the PCI specification, the PCI bus is capable of sup- 
porting five "loads" or up to two "slots". 
[0003] The 66 MHz PCI bus is designed to run at 66 
MHz but will operate at only 33 MHz whenever a 33 MHz 
device or adapter card is installed on the bus. However, 
the PCI bus bandwidth will support more 33 MHz devic- 
es when running at 33 MHz. Therefore the need exists 
for a means to allow more than two slots for a 66 MHz 
capable PCI bus segment when the bus is operated at 
only 33 MHz. 

[0004] According to a first aspect, the present inven- 
tion provides a method for operating a device bus as 
claimed in claim 1. 

[0005] Preferably : further included is the step ol ap- 
plying said second clock signal to all circuit devices con- 
nected to said device bus if said device number is less 
than a second predetermined number. The first frequen- 
cy is less than said second frequency, the device bus is 
a PCI bus, the circuit devices are removable circuit 
cards arranged to be selectively coupled to said device 
bus, and the circuit devices further include circuit em- 
bodiments which are permanently connected to said de- 
vice bus. 

[0006] Preferably, further included are the steps of: for 
each of said circuit devices, determining a device fre- 
quency at which said circuit devices are capable of run- 
ning; and applying said first clock signal to all circuit de- 
vices connected to said device bus if any of said circuit 
devices is capable of running only at said first frequency. 
The device bus includes 1 st and second bus segments, 
each of said first and second bus segments being ca- 
pable of having circuit devices connected thereto, said 
method further including: selectively connecting said 
first bus segment to said second bus segment when said 
device bus is operating at said first frequency, whereby 
a greater number of circuit devices are selectively oper- 
ated at said first frequency than a number of circuit de- 
vices capable of operating if said device bus is operated 
at said second frequency. Further included are steps of: 
selectively disconnecting said second bus segment 
from said first bus segment when said device bus is be- 
ing operated at said second frequency, whereby rela- 
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tively fewer circuit devices are operated when said de- 
vice bus is operated at said second frequency. The first 
frequency is less than said second frequency. The de- 
vice bus is a PCI bus. The first frequency is 33 MHz and 

s said second frequency is 66 MHz. Further included is 
the step of applying said second clock signal to all circuit 
devices connected to said device bus if all of said circuit 
devices are capable of running at said second frequency 
and said number of circuit devices is less than said sec- 

10 ond predetermined number. 

[0007] Preferably, the step of determining is accom- 
plished during a configuration cycle of said device bus. 
[0008] According to a second aspect, the present in- 
vention provides a method for operating a device bus, 

is as claimed in claim 6. 

[0009] According to a third aspect, the present inven- 
tion provides an information processing system as 
claimed in claim 7. 

[0010] Prefeably, the device bus is comprised of first 

20 and second bus segments, said system further includ- 
ing: a switching device connected between said first and 
second bus segments, said switching device being se- 
lectively operable for connecting predetermined lines of 
said first and second bus segments in response to out- 

2S puts from said first and second detection means. 

[0011] A method and apparatus is provided for ena- 
bling a PCI bus to run more than two PCI slots in a PCI 
system if any of the slots has a 33 MHz device installed. 
If any of the slots has a 33 MHz device installed, the PCI 

30 bus, and all of the devices coupled thereto, will run at 
33 MHz but the bus will run more than two slots thereby 
taking advantage of otherwise unused but available 
bandwidth. When no 33 MHz cards or devices are in- 
stalled in the PCI slots, and PCI devices are installed 

35 only in the first two slots, then the system is enabled to 
run only the first two slots at the speed of 66 MHz. In 
one embodiment, a switching device is implemented to 
accomplish PCI bus segmentation when only the first 
two slots are running. The switching device is further se- 

40 lectively operable to connect additional slots to the PCI 
bus when the PCI bus is running at 33 MHz. In another 
alternative embodiment, a default configuration routine 
sets the PCI bus speed at one of the operating frequen- 
cies and modifies that default if it is determined during 

45 a system configuration cycle that another speed is more 
appropriate. 

[001 2] A better understanding of the present invention 
can be obtained when the following detailed description 
of a preferred embodiment is considered in conjunction 
so with the following drawings, in which: 

Figure 1 is a schematic block diagram showing one 
exemplary embodiment of the present invention; 

55 Figure 2 is a schematic block diagram of a second 
exemplary embodiment of the present invention; 

Figure 3 is a flow chart illustrating an operational 
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flow sequence for the Figure 1 embodiment; 

Figure 4 is a flow chart illustrating an operational 
flow sequence for the Figure 2 embodiments; and 

Figures is a flowchart illustrating another operation- 
al flow sequence for another exemplary embodi- 
ment of the disclosed methodology. 

[0013] With reference to Figure 1, the various meth- 
ods discussed herein may be implemented within a typ- 
ical computer system or workstation as illustrated. An 
exemplary hardware configuration which may be used 
in conjunction with the present invention includes a CPU 
(Central Processing Unit) 101 connected to a host bus 
103. The bus 103 is also connected to a memory con- 
troller unit 105 which, in turn, is connected to system 
memory 107. The host bus 103 may be extended to in- 
clude connections to other system devices, networks or 
related circuitry. 

[0014] A PCI host bridge circuit or PHB 109 is shown 
connected to the host bus 103. The host bus 103 is 
shown to include other PHB devices such as PHB 113. 
PHB 109 is coupled to a clock control circuit 111 which 
is capable of selectively delivering either 66 MHz or 33 
MHz clock signals 112 to each of a plurality of PCI de- 
vices which may be inserted into a series of PCI slots 
117, 119, 127 and 129. The CLOCK line 112 in Figure 
1 represents a separate clock line to each PCI device. 
As used herein, the terms "PCI device" and "PCI adapt- 
er" or "card" are used interchangeably. The PHB 109 is 
connected to a first segment or portion of a PCI bus 115. 
The bus 115 is also connected directly to first and sec- 
ond PCI slots 1 1 7 and 1 1 9, and through a set of isolation 
switches or series switching devices 123 to additional 
slots 1 27 and 1 29 which are connected to a second seg- 
ment or portion 125 of the PCI bus. The in line switch 
123 illustrated in Figure 1 although herein referred to in 
the singular, actually represents a set of switches that 
are effective to switch the appropriate signal lines of the 
bus as hereinafter explained. Each of the slots 117, 119, 
1 27 and 129 is arranged to provide an "M66EN U output 
and a "PRSNT#" output to a frequency control logic unit 
1 21 . The isolation switch 1 23 may be implemented with, 
for example, so-called "cross-bar" switches which are 
generally available from semiconductor device manu- 
facturers and others in the open market. 
[0015] The M66EN signals are PCI specified signals 
and are representative of the frequency at which a 
plugged-in PCI device is capable of running. For exam- 
ple, if "1M66EN" is at a zero or low logic level with a 
device plugged-into slot# 1117, then the device is capa- 
ble of running at only 33 MHz. However if the 1 M66EN 
is at a high logic level, then the plugged-in device has 
not grounded the PCI pin which means that the device 
is capable of running al 66 MHz. The M66EN signals 
from the various slots thereby indicate the speed capa- 
bilities of the devices plugged-into the respective slots 
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117, 119. 127 and 129. Although the term "slot" is used 
to identify a M plug-in" type of connection in the example, 
it is noted that the term "slot" refers to an interface be- 
tween an adapter or circuit device and the PCI device 

5 bus and such connections may also be accomplished 
with soldered connections in a hard-wired system and 
still fall within the scope of the present invention. 
[0016] The "PRSNT#" outputs from the PCI slots 117, 
119, 127 and 129 are indicative of whether or not there 

10 is an adapter or device plugged-into, or "present", in the 
respective PCI slots. The PRSNT# notation actually rep- 
resents two PRSNT# pins per slot in terms of hardware. 
In the example, when a device is plugged-into a PCI slot, 
two device PRSNT# pins ground the PRSNT# lines and 

is that signal is representative that there is a card in the 
slot. 

[0017] The device speed capable signals xM66EN 
and the device present signals PRSNT#x are used in 
the frequency control logic to determine the speed at 

20 which the PCI bus 115 is run and also whether or not 
the bus switch 123 is opened or closed. The disclosed 
embodiment provides a solution to the bus speed/load 
optimization problem by defining a means to allow three 
to four slots on a 66 MHz capable PCI bus segment for 

25 33 MHz operation when 33 MHz adapters or devices are 
installed, but also restrict the bus loading to an effective 
two slots when operated at 66 MHz. The bus switch 1 23 
(also referred to as a "bus isolation switch" or "isolation 
switch") is implemented in-line with the PCI bus 115 to 

30 isolate a set of slots and their loading effects from the 
rest of the bus. If no M66EN pins are grounded in the 
first slot 117 or the second slot 119 (i.e. no 33 MHz 
adapters are installed in those slots), and the third and 
fourths slots 1 27 and 1 29 are not occupied (i.e. no cards 

35 installed as indicated by the corresponding PRSNT# 
signals), then the signal to the clock control circuit 111 
will indicate that the bus should be run at 66 MHz. Oth- 
erwise, the bus will be operated at 33 MHz. 
[001 8] The logic and flow for the switching and speed 

40 determining functions described above in connection 
with Figure 1, is illustrated in flow chart form in Figure 
3. Upon initialization 301 a determination 303 is made 
as to whether there are any 33 MHz cards or adapters 
installed in slot#1 117 or slot#2 119. If there are any 33 

45 MHz cards installed in the first two slots 117 and 119, 
then the PCI bus 1 1 5 must be run at 33 MHz. But, at 33 
MHz, the bus can operate two additional cards in slot#3 
127 and slot#4 129. Accordingly, the switch 123 is 
closed 313 and the frequency control logic effects the 

50 operation of the PCI bus at 33 MHz 315, and the process 
ends 311. 

[0019] However, if a determination is made that there 
are no 33 MHz cards installed in the first two slots 117 
and 119 (i.e. 66 MHz cards are installed), and neither 
55 slot#3 1 27 nor sloU/4 1 29 is occupied or has an adapter 
or card present, then the isolation switch 123 is opened 
307 thereby isolating slots 127 and 129, and the PCI 
bus is operated 309 at 66 MHz. If no 33 MHz cards are 
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installed in the first two slots 1 1 7 and 1 1 9, but slot#3 1 27 
or slot#4 129 is occupied 305, then the bus 115 must be 
operated at 33 MHz. Accordingly the switch 123 is 
closed 31 3 and the PCI bus segments 1 1 5 and 1 25 are 
operated 315 at 33 MHz. 

[0020] Thus, four slots can be provided and the PCI 
bus 115, 125 will be operated at 33 MHz whenever any 
cards are installed in slot #3 1 27 or slot#4 1 29, or when- 
ever a 33 MHz card is installed in slot#1 117 or slot#2 
119. If slot#3 127 and slot#4 129 are empty, and slot#1 
117 and slot#2 129 have only 66 MHz cards installed, 
then the bus 115 will be operated at 66 MHz and the 
isolation switch will be open thereby isolating bus seg- 
ment 1 25 and the th ird and fourth slots 1 27 and 1 29 from 
the PCI bus 115. With the switch 123 open, the loading 
effects of slot#3 127 and slot#4 129, and their "net 
length" are isolated from the rest of the bus 115. This 
allows the bus 115, when operated at 66 MHz to meet 
the 66 MHz PCI bus loading requirements, while allow- 
ing a "fan-out" of up to four slots when the bus 1 1 5 S in- 
cluding bus segment 125, is operated at 33 MHz. 66 
MHz cards should be installed in slot#1 and slot#2 when 
66 MHz operation is desired. 33 MHz cards can be in- 
stalled in any of the slots and the bus will run at 33 MHz. 
[0021] A second method is illustrated in the Figure 2 
embodiment and is similar to the first approach except 
that the in-line or isolation switch 1 23 as shown in Figure 
1 would not be required. As shown in Figure 2, a CPU 
(Central Processing Unit) 201 connected to a host bus 
203. The bus 203 is also connected to a memory con- 
troller unit 205 which, in turn, is connected to system 
memory 207. The host bus 203 may be extended to in- 
clude connections to other system devices, networks or 
related circuitry. 

[0022] A PCI host bridge circuit or PHB 209 is shown 
connected to the host bus 203. The host bus 203 is 
shown to include other PHB devices such as PHB 21 3. 
PHB 209 is coupled to a clock control circuit 211 which 
is capable of selectively delivering either 66 MHz or 33 
MHz clock signals 21 2 to a plurality of PCI devices which 
may be inserted into a series of PCI slots 21 7, 21 9, and 
221. The PHB 209 is connected to a PCI bus 215. The 
bus 215 is also connected directly to the PCI slots 217, 
219 and 221. Each of the slots 217, 219, and 221 is ar- 
ranged to provide an "M66EN" output and a "PRSNT# W 
output to a frequency control logic unit 223 to determine 
bus speed in a manner previously explained in connec- 
tion with Figure 1. However, In Figure 2 there are only 
three slots instead of four as in Figure 1. 
[0023] In Figure 2, the bus frequency control logic 223 
unit is utilized to indicate when the bus 215 could be 
operated at 66 MHz. If no M66EN pins are grounded (i. 
e. only 66 MHz cards or adapters are installed) in the 
first two slots 217 or 219, and the third slot 221 is empty 
(i.e. no card installed), then the bus 21 5 can be operated 
at 66 MHz. If any 33 MHz cards are installed on the bus 
or if a card is installed in the third slot 221 , the bus 215 
would be operated at 33 MHz. This would allow up to 



three cards to be installed when the bus 21 5 is operated 
at 33 MHz and would also allow 66 MHz operation when 
only 66 MHz cards are installed in the first two slots 217 
and 219 and the third slot 221 is not occupied. 

5 [0024] The operation of the implementation shown in 
Figure 2 is illustrated in flow chart form in Figure 4. When 
the bus speed control function is initiated 401, a deter- 
mination is made 403 as to whether or not there are any 
33 MHz cards installed in either of the first two slots 217 

10 or 219. If not. then a determination is made 405 as to 
whether or not the third slot 221 is occupied. If no 33 
MHz cards are installed in either the first or second slots 
21 7 or 21 9, and the third slot 221 is not occupied, then 
the frequency control logic applies a signal to the clock 

15 control circuit 211 which is effective to cause the PCI 
bus 21 5 to operate at 66 MHz 409 and the process ends 
411. If, however, there is one 33 MHz card installed in 
either slot#1 21 7 or slot#2, or both, or, slot#3 221 is oc- 
cupied (regardless of the speed capability of the card in 

20 slot#3 221 ), then the bus will be operated at 33 MHz 407 
but three slots will be usable. 

[0025] The second approach as implemented in the 
example of Figure 2, can also be implemented using mi- 
crocode. The code implementation would allow the fre- 

25 quency control logic 223 to be a simpler design. For ex- 
ample, as illustrated in the flow chart of Figure 5, the 
bus speed control logic 501 would initially configure for 
33 MHz operation 503. During configuration, if it is de- 
termined that only 66 MHz cards are installed 505, and 

30 that slot#3 221 is empty 507, then the cards could be 
reset 509, the clock restarted 511 to 66 MHz, and then 
the adapters or cards reconfigured 51 3 and operated at 
66 MHz and the process would end 51 5. If there are oth- 
er than 66 MHz cards installed 505 in either of the first 

35 two slots 217 or 219, or if slot#3 221 is occupied 507, 
then the operation would continue at the initially config- 
ured 33 MHz and the bus speed control function would 
terminate. 

[0026] Although an embodiment of the present inven- 
40 Won has been shown and described in detail herein, 
along with certain variants thereof, many other varied 
embodiments that incorporate the teachings of the in- 
vention may be easily constructed by those skilled in the 
art, and even included or integrated into a processor or 
4$ CPU or other larger system integrated circuit or chip. 
The methodology may also be implemented solely or 
partially in program code stored on a CD, disk or diskette 
(portable or fixed), or other memory or storage device, 
from which it may be executed to function as described 
so herein. 



Claims 

55 1. A method for operating a device bus, said device 
bus being arranged to have circuit devices connect- 
ed thereto, said device bus being arranged to be 
connected to a clock signal source, said clock signal 
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2. 



source being selectively operable to provide at least 
first and second clock signals at first and second 
frequencies, respectively, to said circuit devices 
connected to said device bus, said method compris- 
ing: 5 

determining a device number, said device 
number being representative of a number of 
said circuit devices being connected to said de- 
vice bus; and 10 

applying said first clock signal to all devices 
connected to said device bus if said device 
number exceeds a first predetermined number. 

75 

The method as set forth in claim 1 and further in- 
cluding: applying said second clock signal to all cir- 
cuit devices connected to said device bus if said de- 
vice number is less than a second predetermined 
number. 20 



7. An information processing system comprising: 
a CPU device; 

a system bus, said CPU device being coupled 
to said system bus: 



a device bus; 

a bridge circuit connected between said system 
bus and said device bus, said device bus being 
coupled to a plurality of connection slots, said 
connection slots being arranged for selectively 
providing connection of said circuit devices to 
said device bus; 

first detection means coupled to said connec- 
tion slots, said first detection means being ar- 
ranged for detecting which of said connection 
slots contain circuit devices; 



3. The method as set forth in any preceding claim 
wherein said first frequency is less than said second 
frequency. 

4. The method as set forth in claim 3 wherein said de- 
vice bus is a PCI bus. 

5. The method as set forth in any preceding claim 
wherein said step of determining is accomplished 
during a configuration cycle of said device bus. 

6. A method for operating a device bus, said device 
bus being arranged to have circuit devices connect- 
ed thereto, said device bus being arranged to be 
connected to a clock signal source, said clock signal 
source being selectively operable to provide at least 
first and second clock signals at first and second 
frequencies, respectively, to said circuit devices 
connected to said device bus, said method compris- 
ing: 

configuring said device bus for operation at said 
first frequency; 

determining that all said circuit devices con- 
nected to said device bus are capable of run- 
ning at said second frequency; 



25 



30 



35 8. 



40 



45 



second detection means coupled to said con- 
nection slots, said second detection means be- 
ing arranged for detecting a frequency at which 
said circuit devices are capable of running; and 

clock control means coupled to said first and 
second detection means and said connection 
slots, said clock control means being selective- 
ly operable in response to outputs from said 
first and second detection means for selectively 
applying one of first or second clock signals to 
said circuit devices. 

The system as set forth in claim 7 wherein said de- 
vice bus is comprised of first and second bus seg- 
ments, said system further including: 

a switching device connected between said first 
and second bus segments, said switching de- 
vice being selectively operable for connecting 
predetermined lines of said first and second 
bus segments in response to outputs from said 
first and second detection means. 



determining that all of said circuit devices con- 
nected to said device bus is less than a prede- 
termined number; 



50 



resetting said circuit devices to operate at said 
second frequency; and 



55 



resetting said device bus to run at said second 
frequency. 
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